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The sodium-sulfur battery is emerging as a prime high-temperature 
energy storage technology for space flight applications. Useable 
specific energy of two to three times that of Ni-H 2 batteries is 
* e y advantage of Na-S. This represents a significant launch 
cost savingB and increased payload mass capability. Additionally, 
the Na-S battery offers high power capability attractive for some 
future military and science satellite applications. While ground 
testing has shown the Na-S cells to be versatile (capable of 
operation in any orientation and capable of handling severe 
vibration and shock loads) , the basic cell has yet to be qualified 
for coeration in the microgravity environment of space. There is 
buoyancy separation of the very viscous liquid sulfur and more 
fluid sodium polysulfides in the cell on the ground. Spatial 
control of the molten reactants is critical to proper cell 
operation. The present design of the cathode is based on 
capillarity and differential wettability for reactant transport 
W1 thin the cell. Thus the cell is believed to be suitable for 
operation in microgravity environments. 


A Na-S cell demonstration is planned for a 1995-96 NASA Space 
Shuttle flight which focuses on the microgravity effects on 
individual cells. The experiment is not optimized for battery 
performance as such. Rather, it maximizes the variety of operating 
conditions which the Na-S cell is capable of in a relatively short 
5-day flight. The demonstration is designed to reveal the effects 
of microgravity by comparison with ground test control cells 
experiencing identical test conditions but with gravity. 
Specifically, limitations of transport dynamics and associated cell 
performance characteristics should be revealed. 

Experiment Description 


/ The Na “ s Cell Technology Flight Experiment consists of three 
separate experiments designed to determine cell operating 
characteristics, detailed electrode kinetics and reactant 
distributions. The experiments, summarized in Table 1, are 
controlled by an autonomous Experiment Control Unit (ECU) . 
Subordinate controllers include a Power Conditioning Unit (PCU) 
Thermal Control Electronics (TCE) and a Data Conditioning Unit ' 
(DCU) . A total of 6 Na-S cells enclosed within 2 thermal 
enclosures will be mounted to a HitchHiker-M structure top pallet 
W1 thm the Shuttle cargo bay, as indicated in Figure 1. The PCU 
haying high power dissipative loads, will also be mounted on a top 
pallet for improved heat rejection. The ECU, TCE and DCU will be 
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integrated into a side mounting plate. Space Shuttle enerav is 

The P batt^? d W1 ^ Ag “ Zn b *tteries side mounted in a Gas canister. 

enes allow for high power charging of the Na-S cells and 
support an orderly-emergency shut down. 


TABLE 1. FLIGHT EXPERIMENT MATRIX 


TEST 

TEST 

NUMER 

OF CELLS 

TEJf > °C 


■O. 

IN SPACE 

(MUD 


CELL 

CHARACTERIZATION 

IA 

2 

2 

350 


IB 

2 

2 

350 A 300 

CURRENT/TEMP 

DISTRIBUTION 

II 

2* 

2* 

350 t 300 

REACTANT 

distribution 

111*1 

4** 

4** 

350 

(THERMAL QUENCH) 

111*2 

2*** 

2*** 

350 


TOTAL r 


SPECIALLY INSTRUMENTED CELLS 
REUSE TEST *1 CELLS 
REUSE TEST #11 CELLS 

SECONDARY CHARGE (8C/8) INCLUDED IN ALL CHARGE CYCLES 


DISCHARGE -CHARGE**** RATES 


DISCHARGE: C/2, C , 3C/2, 2C 
CHARGE: C/4, C/2, 3C/4, C 

DISCHARGE: C/2, C 
CHARGE: C/4, C/2 

DISCHARGE: C/2, C ♦Internals 
CHARGE: C/4, C/2 ♦Interrupts 

2 a FULL CHARGE After C/2 CHG 

2 8 HALF CHARGED After C/2 CHG 

1 8 HALF CHARGED After C/2 DIS 

1 a FULL DISCHG After C/2 DIS 


T^ t vJ lann ?‘? 9 * Because sulfur molten salts are extremely sluggish 

tn d ~ h n^ ell i CyCle t;L ;® s . are of lon 9 duration, it is not possible 
to maintain low-g conditions for an adequate duration to simulate 
the experiment on earth. 

thev C ^in?H 1 « * S K d f ° r se J- ect f n 9 these space experiments was that 
they could not be properly simulated with on-ground tests. The 

spatial ? f *5? ® elected tests Pertains to the unknown 

ISkx 4 ?i* tributlon f cathode reactants (molten S and Na 2 s K , x = 3 
to 5) with respect to the Na + -conducting solid electrolyte (Beta"- 
a umina). Together with the large volume shrinkage (>30%) of the 
reactants during charge, formation of insulating sulfur or void 

electrolyte could result in premature 
termination of the charge cycle and loss of capacity on the 
subsequent discharge cycle. Although differential surface tension 
^H lzed . J n . the cathode design to optimize gravity-assisted 
operation, it is unclear whether phase consolidation and 
segregation of immiscible components will occur without gravitv 
assistance, so that capillarity can remain functional in spaced 

The overali objective of the Na-S Cell Flight Experiment is to 

° r reflne the cell design codes for optimum performance 
and extended operation in space environments. The specific 

J xperime ^ 1 is to determine cell characteristics as a 
function of the operating temperature, charge rates and discharge 
rates for comparison with response on earth. These operating 9 
parameters will be varied from moderately slow cycles (c/ 2 " 
Discharge, C/4 Charge) to very fast cycles (2C Dis, 1C Chg) at 

diverse COnCeptUal “peering designs for 


the char g e/dischar g r^^ s a are 5 °epeated a 2 ^c" 0 "^ 10 "' 0f 


variations in the 
thfi cathode volume 
in space . The 
II - to document the 
function of the 
the dynamics of its 
without gravity, 
of the Exp I and II 
for analysis by DPA 


° f Experiment II is to determine 
distribution of reactants and reactions within 
as they develop in real time during operations 
objective of Experiment III is similar to Exd 

state r of U di° n h° f oathode reactants as a 
ceil s state-of-discharge and as a function of 

Experiment 1 TTT r ' Ca \ CyCle as iS is esta blished 
cells^ ?o 3 rapid therinal quench 

re-entry !^ 1ZS reactant distributions 

Design Considerations 

2St£l and'minimizatio^o^require^ST^enerav" * 2 ^ are the ™ al 

as -2 s.r£s&- :: P a S H 

heat 

losses, hence substantial en. rg y is S^SSr^tto'SStSTK 

v3B2?SUS?SSH2S 

adequate heatup rates but are dprat are s ! zed for 150w for 

housing, ^a S^dS^stSSI^rwi^^^tr^ 6 ^ ' “•"^^^tSSer 

provides absolute co32SL?3 S^El 

S "Siir^hermetic^nc 1 osur e ^^Each ^ex V"* * 
is anchored to the HH-M top pallet with a NASA-LeRc module 
support frame attachment that permits elonaafion <-f ® slgne ^ 

S^vS^t^ y is heated and cooled ' 22? wS?cS constrains 

evacuated*ML ? 11 (Hulti-Layer**nsulation* 2°iS5lJS°^S“'i 

U'us^n^e ends 3 

preseJt*! “"“^•^^fgSdient. 
demand %or thermal ££2?" in app «"» a "eiy SofcTS eLr^T 
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Three aspects of thermal control are: (1) heaters for initial 

heatup and maintenance of test temperature, (2) limited cooling 
during occasional high— current cell tests (Exp I), and (3) massive 
cooling for reactant thermal quench (Exp III) as well as for any 
emergency situation to quickly secure the experiments for re-entry. 

A Variable Conductance Insulation System (VCIS) is incorporated 
into the enclosure design. By injecting low pressure Helium gas 
into the MLI system, heat conductance dominates over the normally 
low radiation transfer rate. To re-establish good insulative 
properties, the helium is vented to space. When evacuated, the 
VCIS thermal loss is predicted to be less than 10 watts. In 
contrast, high effective cooling rates in excess of 400W are 
predicted for gas pressures of a few tens of Torr. A pressure 
regulated-helium gas supply is incorporated to adjust the cooling 
rate for the separate experiments. 

Power Control Unit (PCU) . It is an unfortunate paradox that to 
test high-power high-efficiency Na-S cells, a very high power/high 
energy source is required. Because of shuttle power limitations, 
we have selected large Ag— Zn primary batteries to provide the peak 
power and additional energy for recharge of the Na-S cells. The 
PCU circuit configuration is shown in Figure 5. Two independent 
PCU circuits are required to control the experiments since they are 
being performed simultaneously. 

Linear regulators were selected for current control in order to 
minimize EMI interference with the extensive instrumentation 
required. Parallel MOSFETs are designed to control 40A charge and 
80A discharge conditions. Details of the switching network for 
Experiment I are shown in Figure 6. Mechanical relays were 
selected for the switching network to minimize circuit losses 
because current must flow through at least four contacts in series 
to provide the desired interconnection of the test cells to the 
charger and the load. Recovery of energy from the discharge of the 
Na-S cells was not deemed practical because it occurs at low 
voltage and high amperage. In addition, the available energy is 
relatively small compared to the required primary energy. 

The overall energy requirement for the 5-day Flight Experiment, 
shown in Table 2, is approximately 32 kWh which substantially 
exceeds the normal HH-M allocation to individual experiments. 

Energy required to power the control systems is about 12 kWh, and 
that for electrical heaters to overcome thermal losses from the two 
module housings is about 10 kWh. The subtotal of 22 kWh is within 
the HH-M energy budget, assuming the Na-S experiment is granted 
half the normal HH-M energy (in proportion to its area usage) plus 
a request for half the available supplemental HH-M energy. The 
maximum power level for these loads is well within allowable 
values. 
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Heiter Power 

TEST I 
TEST II 
test m 
Totals 

Cell Charging 

TEST I 
TEST II 
TEST III 
Totals 



TABLE 2. 

estimated 

-AVQ 

PEAK 

energy 

30U 

15 

30 

10 

-30 

115 


3.6kUh 

1.6 

2.0 

1.1 

hi 

11.6 

SOU 

50 

100 

140 

150U 

150 

100 

340 

4.5kUh 

4.9 
0,5 

9.9 


320U 

130 

160 

440 

6.6kUh 

3.3 

hi 

10.2 


PURPOSE 

Electronics 

Electronics 

Electronics 

Electronics 

Electronics 


SOURCE 


STS-BUS 


Heati*> l Maintain 
Temperature 


Recharge 
NA-S Cells 


STS-BUS 


AG-2N BATT 


cen“ i ^ d °» u s*of°ttu , s. i :t r ;Sh r ^ recharge the 

peak power demands if added to the^th-S * f? wer levels - Such 
exceed HH-M maximum power levelfand lnUOUS loads would 

the individual experiments to avoid constrain the timing of 

energy requirement falls within the budget^or^-^e^r^n^s! 
Mission Planning 

because thi e S*S i SlS d a^ e iMSSe t S t i2 1 ^ Particularly simple 
Following orbit stabilization an H & ambient temperature, 
cycle is included for all cells tolisrSnt^h' 3 sp ? ce conditioning 
reactant distribution that was ca?riiHJj gravity-induced 
being frozen prior to launch. d lnto space b y th e cells 

cellsf Careful Si^ to heat/cool the 

Contingency plans vill^e developed ne J es sary. 

maximizing information should a shm-r? alternate tests and for 
malfunction develop and reauire emergency or experiment 

autonomous controlled 2??. B “ ature shutdown by the 
frozen prior to re-lniry lU ** secured with all reactants 
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